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EVOLUTION OF PROTEIN COMPLEXES IN BACTERIAL SPECIES 
School of Life Sciences
Center for the Study of Biological Complexity 
Shwetha Hara Sridhar, Wedad Albalawi and Dr. Peter Uetz
What is protein evolution? 
Does it affect the functionality of the protein?
▪ Protein evolution describes the changes over time in protein shape, function,
and composition. Protein complexes are composed of two or more
associated polypeptide chains that may have different functions. Protein
complexes play a critical role for all processes in life and are considered as
highly conserved in evolution.
▪ In previous studies, protein complexes from E.coli or Mycoplasma
pneumoniae have been characterized experimentally, revealing that a typical
bacterial cell has on the order of 500 protein complexes. The majority of
protein complexes is not conserved, demonstrating an unexpected
evolutionary flexibility.
▪ We study the evolutionary flexibility by using evidence and patterns of the
presence or absence of the subunits across a range of 894 bacterial species
to interpret whether the evolution is due to the loss or gain of a subunit in the
protein complex.
▪ We discuss the functional changes observed in a protein complex due to the
presence or absence of a particular subunit by using a statistical approach
and by confirming its significance.
▪ The purpose of this study is to determine how often subunit get lost or
gained in complexes and how this may affect the complexes’ functionality.
▪ To examine the evolutionary changes over 174 protein complexes, by
understanding the phylogenetic relationship and by analyzing the essentiality
of each subunit composing the referenced protein complexes, among 894
bacterial species.
Study Sample 
▪ 174 well-studied “reference” protein complexes with ≥ 3 subunits from 894
bacterial species were considered for the study.
Source of Data
▪ In this study, we used the literature-curated set of EcoCyc E.coli protein
complexes and the protein complexes isolated by Hu et al. as a set of
experimentally-determined complexes for E. coli and Mycoplasma
pneumoniae complexes to compare the bacteria species dataset with.
▪ EcoCyc is a biological database for the bacterium Escherichia coli K-12. The
EcoCyc project performs literature-based curation of the E. coli genome, and
of E. coli transcriptional regulation, transporters, and metabolic pathways.
▪ Essential proteins from bacteria were obtained from the Database of
Essential Genes (DEG) and were used to analyze protein essentiality. DEG
contains all the essential genes currently available. These genes include the
essential genes identified in the genomes of M. genitalium, H. influenzae, V.
cholerae, S. aureus, Escherichia coli, Saccharomyces cerevisiae, etc.
Study variables and analysis
▪ Conserved subunits were analyzed for essentiality.
▪ Using iTOL and phyLOT for the display, annotation and management of
phylogenetic trees, an analysis of the subunits’ occurrence across the protein
complexes was done.
▪ The subunit patterns were compared over all the protein complexes, the
nodes were collapsed based on genus and color codes were used to identify
the presence and absence of the subunits in the bacterial species, revealing
their importance on the protein complex’s functionality.
▪ Python, R-scripting, Excel, iTOL and MySQL was used for data analysis,
constructing the phylogenetic tree and statistical analysis.
▪ Using UNIX, we have found that there are 115 essential subunits among the
1040 subunits considered so far.
▪ A comparative analysis with the subunits across protein complexes will help
us analyze and understand what role the subunits play in the functions of
protein complexes.
▪ Further research on essential subunits is being done by comparing the DEG
dataset with protein data from EcoCyc.
▪ Eventually we want to understand how different proteins and complexes
helps cells to adapt to specific environmental conditions.
▪ The results from iTOL helped us to compare other bacterial species with
E.coli as the reference. E.coli is a reference organism but many bacteri differ
dramatically from E. coli. Protein complexes evolve much faster than we
expected. For many of these complexes it is not clear how their variability
affects function.
▪ Ryan CJ, Roguev A, Patrick K, Xu J, Jahari H, Tong Z, et al. Hierarchical modularity
and the evolution of genetic interactomes across species. Molecular Cell.
2012;46(5):691–704. doi: 10.1016/j.molcel.2012.05.028. pmid:22681890.
▪ Emmanuel D. Levy, Elisabetta Boeri Erba, Carol V. Robinson & Sarah A.
Teichmann. Assembly reflects evolution of protein complexes. Nature 453, 1262-
1265 (26 June 2008) | doi:10.1038/nature06942; Received 15 November 2007;
Accepted 20 March 2008; Published online 18 June 2008.
▪ Caufield JH, Abreu M, Wimble C, Uetz P. Protein Complexes in Bacteria, (2015)
Protein Complexes in Bacteria. PLOS Computational Biology 11(2): e1004107.
https://doi.org/10.1371/journal.pcbi.1004107.
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FURTHER RESEARCH
Total of 894 bacterial species and 174 protein complexes with the fractions of 
conservation within subunits
Mapping the subunit combinations that make up the protein complexes
Mapping Essential subunits by comparing them to the DEG data
Mapping the subunit presence and absence across the bacterial species among 
174 protein complexes
Figure 1: Flowchart of study sample Figure 3: Graphical representation of subunits’ presence and absence
across the 894 bacterial species
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Figure 2: Phylogenetic tree of all 894 bacterial species and the subunits
occurrence across 174 protein complexes. The figure magnifies and
demonstrates the species in the tree considering a wider range of
grouping. The tree is further magnified to show the subunits patterns with
different color codes in the species groups.
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Figure 4: Pie chart summarizing the frequency of protein complexes across
subunits. The percentage depicts the subunit percentage present in the
number of protein complexes.
